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Introduction
A high percentage of polytrauma patients presents severe haemorrhagic shock (1) . This is one of the most common causes of death in the intensive care unit (ICU). The increased mortality rate is due to both the primary traumatic injuries as well as by the secondary one to the haemorrhagic shock. Among the most common secondary physiopathological phenomenon for the haemorrhagic shock are tissue hypoperfusion, tissue hypoxia, lactic acidosis, endothelium vascular damage and the formation of microthrombi in small vessels (2) . In the case of this type of patients the common therapeutic action is volemic resuscitation. The post-resuscitation physiopathological status is considerably aggravated especially by the ischemia-reperfusion syndrome.
Because of the traumatic injuries, ischemia-reperfusion syndrome, coagulophaty and of microvascular damage are being produced increased quantities of inflammatory molecules (3). Also in the critically ill patients, the microvascular system is compromised by severe sepsis. The intensification of the inflammatory status, severe infections, hypermetabolism and microvascular damage lead to multiple organ dysfunction syndrome (MODS), responsible of patient death.
Gold goals in the management of these patients consist in "unblocking" the microvascular system and in assuring an adequate tissue perfusion. Evaluation and monitoring of the microvascular system is possible through some conventional biomarkers for inflammation, hypoperfusion and hypoxia (4, 5) . However, these do not present high selectivity and specificity, mostly bringing tardive answers. Thus, lately were intensely studied the circulating microR-NA species as biomarkers (6) .
Numerous studies have highlighted that microRNA presents high selectivity and specificity for some physiophatological dysfunctions, becoming so a new biomarkers era (7) (8) (9) .
In this paper we wish to present the microvascular damage in the polytrauma patient with haemorrhagic shock, as well as the microRNA species as biomarker for this.
The physiophatology of microvascular damage and hypoxia
At the critically ill polytrauma patient, the microvascular system is affected by a complex series of causes such as SIRS, sepsis, imbalance of the redox status, coagulopathy and a series of other molecular dysfunctions. Also, the microvascular system dysfunction affects and augments a series of other biochemical and physiopathological systems, mainly due to decreasing the delivery of oxygen and nutrients to the tissues. Subsequently to oxygen privation of the cell take place mitochondrial dysfunctions and nuclear transcription dysfunction, which lead to cell death. Also along with the destruction of the integrity and functionality of the cell are activated numerous pro-inflammatory systems, that are being responsible for worsening the inflammatory response and aggravation of the clinical patient status.
In the case of the critically ill polytrauma patient with haemorrhagic shock, in volemic resuscitation most often is administered red blood packet (RBP) in order to increase the oxygen delivery toward the tissues. However, a series of study reports numerous side effects such as the augmentation of the inflammatory status and imbalance of the redox status due to the inadequate tissue oxygenation. This phenomenon is due to cell degradation especially, by inhibiting the adenosine triphosphate system (ATP), to phospholipid membrane degradation through lipid peroxidation, as well as to the loss of the cell structure. Therefore, the microvascular system is significantly affected leading to the intensification of the ischemia-reperfusion syndrome. Moreover, are being produced increased quantities of interleukin 1beta (IL-1β), interleukin 6 (IL-6), interleukin 8 (IL-8) and tumour necrosis factor alpha (TNF-α) (10) .
Through the endothelial injury are being bioproduced a series of pro-inflammatory cytokines, having place the lipid peroxidation of cellular membrane, destruction of the endothelial basal membrane as well ass the imbalance of the coagulation cascade.
Another biochemical system affected in endothelial injury is represented by the nitric oxide (NO) system through ischemia and hypoxia. Decreased expression of the NO system as well as the aggressive biosynthesis of vasoconstrictor substances lead to the impairment of the microvascular flow.
A high percentage of critically ill polytrauma patients present sepsis. Regarding the microvascular system at patients with sepsis, the vascular endothelium is severely affected due to direct adhesion of the pathogens, aggregation and activation of the inflammatory cells, release of pro-inflammatory cytokines, as well as activation of the complement system. Bateman et al., have studied the microvascular system status at the laboratory animal with sepsis induced. Following their study they have highlighted a dramatic decrease of microvascular autoregulation, oxygen delivery capacity, as well as an increase of nitric oxide synthase in plasma (11) . Another important cause of the microvascular system dysfunction at the patients with SIRS and sepsis is due to the structural modification of glycocalyx. Following the structural and functional degradation of glycocalyx are being produced a series of physiophatological dysfunctions reflected upon the microvascular flow. Among these the most common are represented by the exaggerated increase of the paracellular permeability, the loss of the electric charge, as well as the disturbance of the coagulation cascade with formation of numerous microthrombs at the microvascular level (12) .
The incapacity of the organism to maintain the equilibrium between the free radicals (FR) and the substances with antioxidant activity leads to the installation of the phenomenon called oxidative stress (OS) (Figure 1) .
The main pathway of attack of the OS on the vascular endothelium is represented by the interaction between the superoxide anion and the molecules of NO, for which presents a high affinity. Following this interaction the microvascular system is affected through two ways. One is represented by depriving the endothelium of NO, and the other one by the production of new FR species, derived from nitrogen. The new formed FR bring significant prejudices to the vascular endothelium by DNA, lipids and protein degradation.
Another important factor in microvascular damage is represented by the activation of the nuclear transcription factor kappa B (NF-kB). NF-kB is responsible for the generation of some cellular stimuli that produce increased quantities of proinfl ammatory cytokines, FR and adhesion molecules by activating the transmembrane receptors (13) .
microRNAs biogenesis
From the biochemical point of view, the microRNA species are single-stranded non-coding RNA. Regarding their constitution they are formed of 19-24 nucleotides. The microRNA synthesis begins in the nucleus by the action of RNA polymerase II on microRNA genes. Thus are obtained the primary species, called pri-microRNA. In what fallows on pri-microRNA acts RNase III endonuclease (Drosha), forming pre-microRNA. Drosha require the cofactor DiGeorge Syndrome Critical Region 8 (DGCR8) in order for the transformation reaction of pri-microRNA in pre-microRNA to take place. The next step in microRNAs biogenesis in constituted by the pre-microRNA transport from to nucleus in the cytoplasm. This is possible through the transport protein called Exprtin-5.
In cytoplasm, pre-microRNA is attacked by RNase III endonuclease (Dicer) together with the trans-activator RNA binding protein (TRBP). Following this reaction is forming mature microRNA (double -stranded) and microRNA* (passenger strand). The next biochemical step of microRNA biosynthesis is represented by introducing the mature species in the RNA induced silencing complex (RISC).
The use of microRNA as biomarkers is due to the fact that microRNAS are synthetized and released by the cell in differ physiophatological conditions. Regarding the release mechanisms of microRNAs two types are described, passive release and active release (Figure 2 ).
The use of microRNAs as biomarkers for microvascular damage
microRNA presents high stability in biological fl uids and it can be analysed without modifying its structure or functionality. Circulating microRNA can be identifi ed in a series of biological fl uids, such as blood, urine and others. microRNAs expression and endovascular disease Dysfunctions of the microvascular system can be evaluated and monitored by using circulating microRNAs. Zhang et al., have studied the expression of microRNA-150 at the specifi c cell lines, highlighting a series of connections signifi cant from a statistical point of view, between the expression of the microRNA species and the endothelial dysfunction (14) . Following their study they have highlighted signifi cant decrease of microRNA-122, microRNA-148a, microR-NA-19a, let-7i, microRNA-320d and microR-NA-4429. Also, they have reported important increases in the expression of microRNA-363 and microRNA-487b (15 
microRNAs, adhesion molecules, inflammation and the coagulation cascade
Regarding the microRNAs expression given by the adhesion molecules from the vascular endothelium, mainly responsible for the microvascular damage, were realised a series of experimental studies. Harris et al., in a study on the adhesion molecules and endothelial inflammation have highlighted significant modifications in the expression of microRNA-126 (22) . Another important dysfunction for the critically ill polytrauma patients is represented by the thromboembolic events. Salloum-Asfar et al., have studied microRNAs expression regarding the dysfunctions of the coagulation cascade. Following their study they have reported significant correlations between the expression of microRNA-181a-5p and the action of the coagulation factor XI (23).
microRNAs expression and the redox disease
The disruption of the microvascular system induces mainly the intensification of the redox imbalance. Regarding evaluation and monitoring of OS, have been realized a series of study on the microRNAs expression and its use as biomarker.
Thus, a series of study regarding microRNAs expression in OS were effectuated, being highlighted significant correlations between the expression of miRNA-872, miRNA-155, miRNA-183 and the intensity of the oxidative dysfunctions (17) . From a cellular point of view, OS affects and augments the functionality and integrity of mitochondria. Chen et al., have proved that the expression of microRNA-210 is significantly correlated with mitochondrial dysfunction induced by hypoxia and ischemia (24) . In the hypoxic episodes mitochondria is responsible for producing increased quantities of FR through some essential biomechanisms such as growth factor adaptor Shc, transport complexes I and III, as well as NADPH oxidase-4 (NOX4). Along with the mitochondrial dysfunction appears a number of other pathophysiology that are implicated in the aggravation of the clinical status of this patients, especially due to the dysfunction of the energetic balance and to the programmed cell death by mitochondria (25) . Recent studies have highlighted significant modifications in the expression of microRNA-25, microRNA-17*, microRNA-335, microRNA-34a and microR-NA-181a in the case mitochondrial damage due to hypoxia (26) (27) (28) (29) .
Mitochondrial dysfunctionality involves also a series of disruptions of the biochemical mechanisms of nuclear transcription. More than this, the activation of the nuclear transcription factor kappa B (NF-kB) leads to the accelerated biosynthetis of proinflammatory molecules, thus augmenting the inflammatory response of the critically ill polytrauma patient. microRNAs can also be used in this case for the evaluation of the nuclear transcription imbalances (30) . The studies have highlighted a significant correlation between the expression of microRNA-146, microRNA-155, microRNA-181b, microRNA21 and microRNA-301a (30) . An important study was effectuated by Li et al. on the modifications of the microRNAs expression induced by the NFkB imbalances. Following their study, they have highlighted an important decrease of microR-NA-223, microRNA-15a and microRNA-16 (31) . A similar study was effectuated by Zhang et al., that have noticed significant correlations between NF-kB damage and microRNA-143 (32) . More than that, NF-kB dysfunctionality involves the intensification of the inflammatory response through excessive stimulation and bioproduction of inflammatory mediators. The increased concentration of proinflammatory molecules is also responsible for microvascular damage through harming the microvacular endothelium. The studies have highlighted a series of implications between the NF-kB dysfunctionality and the increased concentration of proinflammatory cytokine (33) .
microRNAs expression in sepsis
Regarding to monitoring of sepsis by using epigenetic biomarkers were effectuated numerous studies being reported a series of microRNAs with high specificity and selectivity. et al (34) , have studied the microRNAs expression in sepsis. Thus they have identified a series of microRNAs cu high specificity and selectivity such as, microRNA-15b, let-7b, microRNA-16, microRNA-324-3p, microRNA-210, microR-NA-486-5p, microRNA-484, microRNA-340 and microRNA-324-3p (34) . A similar study was effectuated by Wang et al (35) . They have examined the expression of microRNAs on 232 patients highlighting modifications regarding the expression of microRNA-122 (35) . Other studies have reported the utilization of microRNAs species from the microRNA-4772 family for the evaluation and monitoring of sepsis (36) . In Table 1 are summarized a series of microRNAs species that can be used in the evaluation of the microvascular system status.
Conclusions
The complexity of the physiopathology in the critically ill polytrauma patient has imposed intense research regarding the specific biomarkers. Because of the importance of the microvascular damage in the evolution of the clinical status of the critically ill patient, lately have been studied numerous microRNAs capable of bringing answers regarding the direct injury, as well as the secondary one induced secondary by the microvascular disease. Even if the microRNAs can bring quick answers with high selectivity and specificity for the microvascular disease in the case of the critically ill patient, are required more studies in this regard. Signification modifications of the microRNAs expression in microvascular damage and endothelial dysfunctions;
microRNA-221, microRNA-222
The modifications of the expression of these microRNAs are associated with the intensification of the inflammatory status. Also, microRNAs modifications have been correlated with important increases of TNF-alpha (17) microRNA-769-3p
Modifications of these microRNAs expression is correlated with ischemia-reperfusion syndrome (37) microRNA-29b, microRNA-15a, microRNA-16, microRNA-199a-5p, microRNA-182, microRNA-203, microRNA-222, microRNA-211,
The expressions of this microRNAs species are significantly elevated in sepsis; An increased concentration of these microRNAs is also correlated with a significant increase of the concentrations of the pro-inflammatory molecules.
(34), (38) microRNA-146a, microRNA-122, microRNA-574-5p, microRNA-223, microRNA-342-5p, microRNA-483-5p, microRNA-150, microRNA-499-5p, microRNA-193b, microRNA-150
The expression of this microRNAs species decreases drastically in sepsis; The reduced expression of these microRNAs is also correlated with a significant increase of the concentrations of the pro-inflammatory molecules.
(34) (39) 
